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I. INTRODUCTIOX 

One of t h e  most useful methods of e v a l k t i n g  s ock s e n s i t i v i t y  of propellatits and 
explosives  is the  card-gap shock a t tenuat ion  
considered t h e  most impartant parameter causing detonat ion i n  shock i n i t i n t e d  explosives, 
fo ivers ion  of  gap thickness  t o  shock pressure has been car r ied  o u t  a t  NO$ and Aerojet, 

for various diameter card-gap tests using Plexiglas  (or  Lucite) a s  the a t t e n u t i n g  
medium. 

It has been noted 1 9 5  that t h e  shock pressure a t  the  end of t h e  a t tenuat ing  gap 
is not  t h e  same as the shock pressure enter ing the  t e s t  sample because of the  
"impedance-mismatch" a t  the interface between the  Plexiglas  a t tenuator  ana t h e  test 
sample. 
two media and is unknown s i n c e  t h e  d a t a  does not, i n  general, e x i s t  f o r  most 
propel lan ts  and explosives. 
q u a l i t a t i v e .  

was developed1 t o  determine t ransini t ted shock pressures i n  card-gzp test configurations 
without measurement or knowledge o f  the  test-sample properties. 
l a w s  governing the modif icat ion of shock waves a t  the in te r face  between tke  iiiedta and 
the experimental measurement of  the v e l o c i t i e s  of the incident  and r e f l e c t e d  m v e s  a t  
the in te r face .  

&?cause shock pressure i s  

s 

The magnitude o f  t h i s  chmge depends on c e r t a i n  :!echanicid ? roper t ies  of the 

Without t h i s  knowledge card-gap t e s t  results remain 

An experimental-theoretical method, cal led the  "Fieflected Nave Tech:iqueI1 ("Xd'I'") 

The method uses  the  

The main purpose o f  this inves t iga t ion  was t o  exper iqenhl ly  determine t h e  accur.zcy 
of the  "FUiT'. . This was done by using the  "RWTI1 to compute the shock pressure 
t ransmit ted t o  *dater, carbon t e t r a c h l o r i d e ,  20Z-T4 alminunl 2nd C 1018 cold r o l l e d  
steel  using various diameter card-gap test configurclions, a.:d conpiring the r e s u l t s  
.with values  of t ransmit ted p r e s s m e  obtained independently. 

t ransmit ted shock pressure could not  be computed independently. 

considered des i rab le  to determine from t h e  above results if an empirical cor re la t ion ,  
independent of the t e s t  diameter,could be found between the incident  and t ransmit ted 
shock pressui.e for  each Plexiglas-ecceptor  pair. 
considerable  time i n  a l l o u i n g  subsequent determination o f  transmitted pressure without 
further appl ica t ions  o f  the llALIT1. 
F s s u r e - p a r t i c l e  v e l o c i t y  data f o r  each mater ia l  tested. Since t h i s  represents  a 
new and r e l a t i v e l y  simple method of Hugoniot determination, the accuracy of  t h e  results 
were ma.Xuated by comparison wi th  values  from t h e  literature. 

The method was a l s o  
- af i ied  t o  two other  materials (simulated propellanta and #30 sand) for which the . 

Since each appl ica t ion  of t h e  I'RLIT' requires  t h e  use of a s t reak  camera, it vas 

Such a r e l a t i o n  would save 

I n  addi t ion,  appl ica t ion  of t h e  %iJP1 provides 

In this invest igat ion,  a series of  f m i n g  maera s t u d i e s  were made i n  order  t o  
determine if a definite i d e n t i f i c a t i o n  of  the  incident ,  re f lec ted ,  and ( for  t rans-  
pirent acceptors )  t ransmit ted shock waves could be made. Also, observat ions irere 
made to help  determine to w h a t  extent the  Plexiglas  i s  a l t e r e d  by, o r  m d e  o g q u e  
8, t h e  prior passage of t h e  i n c i d e n t  shock. 

a hwe thane ,  dumhm and potassium chloride. 

I 
.i 



Figure l a  i s  a s c h e m t i c  of t h e  general experimsntd set-up used t o  ~ l k t a r i h ~  the 
v e l o c i t i e s  ol tiie i i d d e i i t  and r e f l e c t e d  waves. The r e l a y  l e n s  Y ~ B  used t o  obtain an 
o v e r a l l  m g n i f i c a t i o n  of about 1 and was al igned with the  s t r e a k  cadizrz l e n s  bj 
mounthg it on an o p t i c a l  bench r i g i d l y  at tached t o  t h e  -era ckassis .  The d i s t a w e  
between t h e ' l e n s e s  was about 4811. 
(approximately 33" f r o n  the  an ior  g l a s s  a t  the end of t h e  porthole) ,  vas nountsd on a 
s t e e l  stand such t h a t  t h e  Plexiglas-saiple  in te r face  was near the  opt ica l  axis .  ?Pith 
this arrangement a f i e l d  o f  view (on the  v e r t i c a l  a x i s )  of about  l", a t  the evant, was 
obtained. 2acklighting was p o v i d e d  by an argon bo:?i, tifit c o n s i s t d  of a diaiieter 
by 7" long q u a r t  ice-creaq container  with a s l a b  of  compsii;ion C-4 high explosivz at. 
one end and a t rans lucent  c o v e r k g  of Saran wrap and vellwn p iper  a t  the  o ther  end. 
The bonb was taped to  a stand so that its axis was on t h e  o p t i c a l  a x i s  of t h e  system 
and was placed from 13-15" behind the  event. Figures l b  3nd. lc  a r e  d e t a i l s  of the 
two t y p e s  of  events  used i n  t h i s  program. The f irst  shovs the  card-gap test configu- 
r a t i o n  used f o r  s o l i d  samples u h i l e  the  o ther  Qhows the equivalent  test set-up used 
f o r  l i q u i d  samples (5.e. the tlaquariuI1l'l method .) To el iminate  the d i s t o r t i o n  of  tho 
l i g h t  from the  argon bonb by the  curved surfaces  ol" $he Plcxigl.-,s colur.m, narrow 
p a r a l l e l  f lats were mchined  and polisl?ed along opposite s ides  of a l l  the colurms. I n  
each t e s t  t h e  length  to diametsr r a t i o  of t h e  t e t r y l  donor was kept  c o n s h n t  a t  a 
value of 2. For the sol id  tests t h e  
acceptor diameter was kept equal to the column diameter while t h e  s a i p l e  height was 
always 2 inches. 

The event, which was about 6' froin the re lay  l e n s  

The t e t r y l  densi ty  var ied from 1.5 - i.6 g/d. 

A high-speed continuous writing s t reak  caxcra was used f o r  a l l  shock pressure 
measuremat tests. 
f/2.5 l e n s  with a f o c a l  length of  7" was used .in tine caners. 
an aperture of  f/6, had a focal l ength  o f  24". 
in. wide) was used to  nake the  shock f r o n t  i m g e  as s h s p  as possible. In order ta 
help minimize coDputation e r r o r s  a t u r b b e  sped of  approxkmtely 2000 r y s  qms used 
(wri t ing rate = 2.9 d p s e c )  which gave a s t reak  a t  a aiigla of about $5O t o  the  f i l in .  
For most of the  acceptor iaaterials, t e s t a  ;;rere conductad w i t h  colwms of + I ,  l ' l ,  & I ,  

and 2" diameter and lengths  of $I, l", lp, and 2". 
restricts t h e  f i e l d  o f  view to t h e  f l a t t e n e d  port ion o f  these colunns. 

I n  order  t o  Laice the  set-up depictsd i n  Figure l a  pi-actlml, a 
The r e l a y  lens ,  with 

The s d l e s t  a v a i l s b l e  slit (0.0Ol 

' h e  dit of 31:; :;.are.;;: :: 

The streak-camera film record produced f o r  each test was reduced by reading t h e  

To obta in  real values  of  sizock ve loc i ty  t h i s  
films with a Gaertner microcomparator. The da ta  w a s  then nuilerically d i f f e r e n t i a t e d l  
to give a v e l o c i t y  a t  t h e  film plane. 
d a t a  was mul t ip l ied  by t h e  r a t i o  of the magnification and time f a c t o r s  f o r  each tes t .  

The event ( t e s t  set-up), s t reak  -era, film development procedure, micro- 
c o m p a r a t o r ,  and ca lcu la t ion  methods may all be considered as SOUTC~S of s y s t e m t i c  and 
random e r r o r  in the experimental determination of shock veloci ty .  'mere possible, 
procedural refinement and/or changes were adopted i n  an attempt to minimize eriwr. 
The es t imated-overa l l  e r r o r  in v e l o c i t y  was about 3.5%. In  addi t ion,  the e r r o r  in 
the determinatLon o f  shock pressure is always grea te r  than i n  t-he de teminat ion  o f  
shock veloci ty .because of  the re la t ionship  between them. .The average e r r o r  in 
determining Shock pressure was computed to be about 13%. 

A 'high speed framing camera was used f o r  t h e  q u a l i t a t i v e  inves t iga t ions  of the 
program.. The test set-up was similar to that depicted i n  Figures l a  - IC except that 
no relay lens was used. 
at a framing rate of about  980,000 frames per second. 
could be followed a t  about 1.05 p e c  intervals..  . . 

A camera speed of  a b u t  @OO r p s  was used to obtain 25 frames 
A t  this speed t h e  shock wave 



Eq's 1-3 ?re s t r i c t l y  appl icable  only to one-dimnsion:il ( ? l a z e !  chocks. 3 e n  
thougli ;ne sno5<s producad i n  these t z s t s  (sce Fi,--e 2 )  I r e  x m + m  :.:.Ci t k - e r ' c r e  
a t  l e a s t  tvo-d.imensio:lal, th-? slit of  the  s t reak  czxera used t o  obtain the aa*k 
r e s t r i c t s  t h e  f i e l d  of  view t o  such a smll p r t i o n  of  the wr=vo that the  c ; l r ~ n t ; r e  
may be ignored and t h e  waves c<xisidered planar. 
C 

This assmpt ion  means, i n  t h i s  cas-?, t i a t  t h e  dens i ty  a d  equation of strlte of tbe  
mediun through which the  r e f l e c t e d  v3ve passes is unchanged ( o r  o n l y  s l i g h t l y  
d i f f e r e n t  1 f roz Plexiglas. 
d 

s t r i c t l y  va l id  only a t  t h e  i n t e r f a c e ,  t h e  nleasureaents of  .Up and Ur irere ,%de a t  soxie 
sidl dis tance  ( C h )  f r o r r ,  tine actual interface.  
r e f l e c t i o n  t h e  incident  and r e f l e c t e d  waves overlap ( f o r  a time equal to the  incident  
wave pulse width) causing d i s t o r t i o n s  of the s t r e a k  record. These dfs tor t io i i s  can be 
seen near t h e  in te r faces  o f  the records shown i n  Figure 3 .  
measurements near, r a t h e r  than a t ,  the  in te r face  i s  considered negl ig ib le  s ince  
a t tenuat ion  o f  the waves over such s m l l  dis tances  is negl igible .  

Although the  basic equation ussd t o  cer ive  equation 5, :i.e., e,:juation 1 ) i s  

This ims done because during 

The e r r o r  introduced bjr 
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Ii'ugoniot d a t a  f o r  the  acceptor m y  be computed 
2 with ui = up. 

= Up i U r  

Since both up and I+ were computed i n  applying 
equation 6. It is d s o  possible  t o  canpute Ut 

from t h i s  r e sa t  (i.eo, P t )  and e q u t i o n  

the W ; I T ' ,  ut is f o u d  d i r e c t l y  from 
from Pt  and ut by rearrangement of 

equation 3, i f  t h e  dens i ty  of the  acceptor medium is  known. 

IV. RGSULTS AD DISCUSSIOB 

A. Framing Camera Studies  

The results of  13 t e s t s  with a frmiing caxera a r e  su-ized i n  Table I. ii t y p i c a l  
Defini te  i d e n t i f i c a t i o n  of the r e f l e c t e d  wave was i:ade i n  record is shown i n  Figure 2. 

all but 3 of the t e s t s .  
case, no visual  damage (Le. ,  breaku? o r  opaci ty)  to the  Flexiglas  immediately hehind the 
incident  wave occurred. 
of  shock pressures (Pp) a t  the i n t e r f a c e  (7 t o  70 K k r )  over xkiich the above observation 
is valid. Although no d e f i n i t e  csnclusion can be made, these resiults help to sup_oort 
t h e  assuiintion m d e  i n  the  development of t h e  t'R;;IF that, "the inc ident  wave does not  
g r e a t l y  d t e r  the  Plexiglns.'I 

Further exarnination of  the records showed t h a t ,  exceFt i n  one 

The tsro column d iane ters  and various lengths  provided a range 

The results i n  Table I show tkt the  curvature of the waves f o r  each d iane ter  coluxn 
was approximtely cons tmt .  
indeoendent of the  t o t a l  a t tenuat ion.  diameter C S l U n n S  is G.OE%, 
mm-l'wriile tliat f o r  2" diameter co lums i s  ~ ~ ~ 1 2  im.= I n  the w0rs.L case the rraximm 
deviat ion from planar i ty  for t h a t  port ion of  the  shock mve vLevc:2 t!,rough the s t reak  
canera sl i t ,  is less t m n  O.C.2, .;.. 1.:; LL-stifies the  assumption ::lade .>I - A 3  

r;:.v;,?.cpment of t h e  "WT'  t ha t  the one-dLxxxional equations a r e  appl icable  in this czs:. 

KO ef fec ts ,  per t inent  to the  results in' Table I, of the  acceptor material were. 

T'nis indTcates that c;;rvatme i s  a geonet r ica l  property 
' 

The average, fcp 

noted. 
were general ly  superior  to the res t .  
sur face  (see Figure I C )  acts as a second b l a s t  sh ie ld  and helps keep the gaseous 
detonat ion products which obscure t h e  view, f r k a  foll.owing the inc ident  wave too 
closely. 
over which the r e f l e c t e d  wave may be viewed s ince the  gaseous products n e e t  the  
re f lec ted  wave soon after re f lec t ion .  
Figures 3a-?d that the  durat ion of the r e f l e c t e d  wave is longer f o r  t h e  l i q u i d  acceptor  
( the  scale of Fi,y,re 3a is  Sicce zctud 
card-gap t e s t s  are always ary the  shor te r  d m a t i o n  over sriiich the r e f l e c t e d  wave :.q- be 
r;easmed is more r e a l i s t i c  i n  terms of w h t  is t o  be expected. 
no spec ia l  r e s t r i c t i o n  on tile "itJT' a k c e  .;ii? -.5.0cl? ~f t i e  rcfidct1?d .,rzvs caii -as 
ciet:?i.;ninxi even f o r  very s h o r t  durat ions when a niicrocoinparator is used f o r  the  
measurements. 

h i e v e r ,  it was noted t h a t  f o r  t h e  l i q u i d  acceptors  (water and CC@ the  records 
This i s  probabl j  ?.ue to th.7 fact that the  l i q u i d  

In the dry  shots ,  the  lack  of t h i s  added protect ion restricts the 'd i s tance  

This view is s u p p r t e d  by t h e  observation i n  

half' the o thers )  than f o r  t h e  dry  acceptors. 

;<o-.:ewi-, tiiis ~ L ; ! - S G S ~ S  

A number of the  framing w e r a  tests gave sone unumal resu l t s .  Two a r e  or' sone 
interest here. In one t h e  shock wave appeered se l f - lminous  2ri a l so  the argon 50mb 
apparently did :lot l i g h t .  
under whlch the result occurred could be repeated, it might be possible  to carry out  
the  llEJT' without baclJ ight ing,  and subsequent s i n p l i f i c a t i o n  o f  t h e  tes t .  
tes t  the  apparent shock wave thickness  is rr) 8.0 ~ m .  
averaged2.5 ran) and ind ica tes  a low veloc i ty  shock waveo 
v a r i a t i o m  i n  th'e t e t r y l  donor q u a l i t y  may exist. 
Cook? and is of concern s ince  t'ne r e l i a b i l i t y  of t h e  card-gap test depends on the 
reproducib i l i ty  of shock pressure a t  a given a t tenuator  dis tance which i n  turn  depencis 
d i r e c t l y  on t h e  q u a l i t y  of  the donor used. 

No h i e d i a t e  explanation can be given but if the  conciitions 

In  m o t h e r  
This is .unusually high (most shc ts  

Tcis would L p i y  t imt  
This var ia t ion  has been noted by 



The first measure w i l l .  aJ.wg~s be p o s i t i v e  and descr ibes  the c v x d l  percc:1tage sccwacy 
o f  t h e  method and is t h e  main one considered. 
negat ive and d e s c r l b s  t h e  o v e r a l l  percentagd bi-s (02 d i r o c t i m )  of t h e  :r.etliorl sild 
de te rn ines  il" any cons is ten t  t rends  exist. 

appeared on, the s t reak  canera record (see Figure 3 0 )  and%+, .tlzs ::.e::s~.?re?;: cj&rect.ly, 
u t  computed froin the  equat ion of s h t e  reportsd i n  the litcratiire,q and P i  ( the  
independent neasure) computed from equation 3. 
winputed by the %dF. 
t h a t  f o r  P lex ig las  t h e  c c p t l v e  (-) sicg was used i n  equation 5 f o r  the  "1WT" crrlcu?.stioii. 
Because of  t h e  hea l th  hazard involved at the  tes t  s i t e  only a sindl 3sioun5 of  s i n i l a r  
d a t a  f o r  CC14 w w  found. 

s t r e a k  camera record d i d  not  show the  t ranwlt tc .2  wava (see F i k u e s  3 b 4 ) .  I n  t h i s  
case t h e  s'mck pressure t ransmit ted (the independent mensurerncnt) rr;:~ b:. fowid by a 
graphical  methDd which uses t h e  know Hugoniot Is of  the acceptor  and P 1 e ~ i g l a s . ~ ~ ' ~ ' - ~ '  
These values (Pth) are then coinpared t o  t h e  ones comp.uted by t h e  "ii!W. For botil o f  
these  materials, the impedance is known to be higher than tht f o r  Plexiglas  and the 
p l u s  (+) s i g n  was used i n  equat ion 5. 
Ilreflected Hugoniotll method a3 a n  independent aeasure of transinitted pressure when 
appl ied to t h e  opaque acceptors ,  it was first appl led t o  the  t ransparent  acceptors  
mpt ioned  above, so  t h a t  a w!nparison with the  measured r e s u l t s  could be made (Pth v s  

Die socond misure m y  be pos i t lve  o r  

For t h e  t ransparent  acceptors  (i.e., %O and C C 1  j 'he shock transiaitt5d 

This vas tken co:nr,ared t o  t'ne value 
Since tb impedame of  water and C C l 4  arc 1:iiovn t o  be l e s s  til= 

For those acceptor  inaterials that a r e  opaque (i.ee, s t ee l  and al.iminm), the 

In  order  t o  check the accuracy of using t h i s  

P t ) .  

The "RdT' was also appl ied  to two o ther  acceptor materials which are opaque but 
The naterials were simulated propel lant ,  Q = 1.65 f o r  - hich the Hugoniots are u i h  wn. 

g/> and #30 shnd,? = 1.36 g/d. The hpedances of these r a t e r i a l s  a r e  unknown but 
s i n c e  simulated propel lant  is a coherent s o l i d  rliore dense than Flexiglas ,  the  plus  (+) 
sign was used i n  equation 5 w'-.ile the  minus (-) s ign  whs used f o r  sand s L c e  it is an 
incoherent mater ia l  no t  much more dense t h a n  Plexiglas  (pe1.2 g / c d ) .  

. 

a. . W a n s 9 r e n t  Acceptors 

Table I1 and Figure 4 show the results of Pt vs P; f o r  12 t e s t s  with a wnter 
a c c e p b r .  
and t h e  d i s t r i b u t i o n  of t h e  data about t h i s  l i n e  i s  a measure of t h e  a p p l i c a b i l i t y  of 
t h e  methd. For t h i s  d a t a  
t r a n s m i t t e d  pressure wi th  an o v e r a l l  e r r o r  of < %fb (which is less than-tine average e r r o r  
in determining shock pressure)  f o r  this acceptor. 

The l ine drawn i n  Figure 4 represents  equal i ty  o f  pressures  (Le., 45O l i n e )  

= 11.3% which ind ica tes  that t h e  "KW'P can p r e d i c t  

For t h e  same d a t a  PE = +4.1$ wlrich 
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hdicates that, on t h e  average, Pt  falls s l i g h t l y  below P;. 
experimental e r r o r  no b i a s  of the data is indicated even though t h e  three da ta  points  
a t  high pressure are low. 
trends do exist and if t h e  accaracy of  the  ItRJT" falls off .  

appl ied t o  water and CC14 and provides data  (Pth) a l so  eown i n  Table 11. 
to evaluate the  accurac of  t h e  g r a p h i d  method. The PElfor  t h i s  d a t a  (Pth V S  Pt) is 
37.1% and indica tes  thaf the "Hugoniottl t e c h i q u c  p r e d i c t s  t ransmit ted pressure with 
an overa l l  e r r o r  about 3 times as g r e a t  as t h e  lQW1 (and t h e  e x p e r h e n t a l  error) .  For t2 same data E = 2?.4;% which ind ica tes  t h a t  Pth, on the  avarage, is somewhat a h v e  
Pt. l h i s  figure is  a lso  not  within experimental e r r o r  and t'nus ind ica tes  3 bias* It 
may be concluded t h a t  t h e  llHugoniotll method gives  values  of t ransmit ted pressure t h a t  
are ~ 2 7 ' ;  high. 

Since E is w e l l  wi thin 

Pinon data  i n  this region is necessary to d e t e r d n e  i f  any 

The ltHugoniotll method of determining shock pressure transmit ted was 
This i% used 

Because o f  these differences,  the r a l i a b i l . i t j  o f  using tho  I 'hgoniot" 
method as a n  independent measure of t ransmit ted press-we is  i n  ser ious  doubt. 
the b i a s  in  the da ta  may be used t o  a d j u s t  t h e  subsequent results fo r  opaque mater ia l s  
to more r e a l i s t i c  values. 

h i e v e r ,  

i bo Opaque Acceptors 

e graphical  method described was appl ied to t h e  opaque accer tors ,  steel'" 
and al l - i .~? and t h e  results a r e  shown i n  Table 111 ( L e o ,  P vs P 1. Comparing 
the IT~WTI method to t h i s  g r a p h i d  method (P t  vs  Pth) gives, I&\= FE~~+zL~:A.  
agreement was a t  once resolved when t h e  values of Pt  were aajusted downward by the 
average b ias  (27.43) compted aboveo These resiilts f P t b )  are a l s o  show2 i n  Table 111, 
and the adjusted comparison ( P t  v s  P t b )  i n  F i m e  5. 

For t h i s  adjusted data, \wl= 1.5.1s which i d i c a t e s  that the llXYT1 ctln 
p r e d i c t  t,-ansinitted preasura with an o v e r d l  e r r o r  of about 15$ f o r  these opaqae 
acceptors. It should be noted that t h i s  value i s  soJiiewhat conservative s ince t h e  
manipulation of t h e  d a t a  necessar;r to e s t a b l i s h  realistic values  of  the  independent 
t ransmit ted pressure was done on an average basis. A more d s h i l e d  ana lys i s  of  t h e  
R h  vs P t  d a t a  might give a number o f  correct ion f a c t o r s ( i n s t e a d  of one) that would 
fur ther  im?rove t h e  c o r r e l a t i o n  seen i n  Figure 5. 
is w e l l  within experimental error and ind ica tes  no bias. 

p rope l lan t  and sand, shown i n  Table IV,  may be considered to be accara te  within 11-15s. 

Tiiis poor 

b 

The PE f o r  t h i s  d a t a  is to.@; which 

I 
Froin t h i s  discussion the  resdts  (Pt)  of applying the 'IFWI" t o  s i n i i h t e d  

2. P t  v s  Pp Correlation 

From the  d a t a  shown i n  hbles  111 and N it is possible  to deternine i f  a 
simple re la t ionship ,  independent of  test d i m e t e r ,  exists between P t  and Pp f o r  a 
given acceptor  material. 
water and CCl4, steel, aluninm, and simulated propel lant  and sand respectively. From 
the legend in each figure t h e  diameter of  t h e  t es t  used to f i n d  a prticdar point  
can be determined. 
squares  method. 211ey are: 

Figures 6-9 show the results o f  p l o t t i n g  Pp vs Pt f o r  

The best-fit line drawn i n  each case was found by t h e  l e a s t -  

water; P t  = 0.837 Pp - 40387 (7  1 
steel; pt = 1.083 pP + 6,18 (8) 
a l ~ m i n ~ m ;  P t  = 1.221 Pp + 1.36 (9 )  

sand; P t  = 0.9035 Pp - 2.76 (u 1 

simulated 
propel lant ;  P t  = 1.050 Pp + 1.81 (10 1 

I 
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ij;L:,hough in Fig-ue 6 t!-ere is so:;;e s::rc,>d of the  ,dater &La i n  

spread is due t o  randox de_viatior,s of, thc  data. Co,;parini; Lhe 
point) e ,qut ion  7 the  is 23.2: wiiich indicakes t h e  overa l l  ncc;lraCjr cf ~ 3 1 ~ 2  
t h i s  rc,ationsL--ip to p r e d i c t  Ft i n  water f o r  a given F 
the test, and without PLTvfier stre& ca::era r?co?ds. 

;lo t rends  u i t h  i-espect t o  t e s t  d iawter  sre a;?arent. It XI; a ~ , ~ ~ y y ~  ;;;:, :!.e 
(loss cne -re77 pcor 

i!idsperxien% O f  thi? diaLr;tC? of 
tk:iX iS O Z L ~ ~  On23 

poin t  f o r  C C i  no c o r r e l a t i o n  i s  possible.. 4 
The rsiiiaini.xg c a r s l a t i o n s  a r e  smw.$:hat SetLer. For steel, aIu.Lziu.., a?d 

s k n d a t e d  propel lant  the  
t rends  a r e  aprarent. Since t h e r e  a r e  only  two d a t a  points  (at the  s::rLe d i m S t 2 r )  for 
sand, e q m t i o n  11 passes through both 2nd the  acc-a-acy of the cor ro lc t ion  I; uri:ncvn. 

are 15./+.$, 1?.5$, and 7.7$ respectively. A l s o  :io Gk..eter 

Bithmgh t h s r e  is AD s p e c i f i c  r a s c n  t o  ass-me 'i!-at ths r e i a t l c n s b l p  i n  
F i g s a c  6-9 are i i n e n r  ( they co-;id bi: quaCpJtic, e:cpon@&.l, etc.) it is convenient 
t o  use t h e  si;.s,lest form -mssible. 
expressions i G i , % t e  tht t!iis approac:i is xL:-raTr tcdo 

'%e v d d e  of the\?E\  Is cs!n>utod for the l i l i car  

- 
Sirice a i l  the 1x1 Is except  one arc 

comp*~::ing Pt (Nl3$) it :ay be concluded I, 
t i t  it is :miee;.endent of t h e  d&mtcr of 
tkmt tiiz : w ~ t  acc,t*rate r e s u l t  (PE\ = 7.7;';) 
p o , x ~ a i d  ..ost clossl;? r e s a b i i n g  prcpcll.w.cr,ts and zc+o;;ives. 

:,yoxiiiiateiy within the avayzge e r r o r  h 
t a P 
e t e s t o  ~ t ' i s  &so i:itere;iing t o  note  
;is ob'aincd v i t h  t he  .:aterial (sinillat& 

vs Po rs1ationsi;ip ui;es exist, znd 

jo .. 1 n,:or. i o  t 9 3  ter:.imt i o  n 

- - - . I  As previoi.isly sho:.!c, e.;mtion 6 slcnG .:iith 
used t o  corqmtc one poiiit on t!ie Ih,oni.o; of t h z  aiC::cptor. 
f o r  csater nad CC14, s tx l ,  and alxJiixui: zipear  i n  %-de I31 and a r e  p lo t ted  

It is evident  that ,  e:icd;,t ."or ! C 1 4 ,  thc  r a s d t s  are both imccurz t e  (cons idenble  
sprsad i n  the  da ta )  and biasod ,mst p o i n t s  are b d o w  tie l ine) .  
explain these r e s u l t s  but s ince  the average e r r o r  2 1  compting F t  was shown to be 
N13$ it i s  assumed th.t t'.e s c a t t e r  is due, a t  i c x t  i n  part, t o  e r r o r s  i n  coxpuking 
ut. This \$as estimated to be from 134+&, depe:;di-nZ on +he acoe&r iiiedim. 
F i g r e s  10-12 the computed e r r o r s  in are represe!ite:i bj the  length  of  t h e  
horizontal  lines through t h e  points. 
&+4$ t h e  bias in Figmes  10-12 is assnned t o  be due ijainly +& a bias  i n  compzting ut. 
It is not c l e a r  cskq t h i s  b i a s  a r i s a s  o r  u'hat i ts  r:iagiiitxle woitrl be. 

- L~L.lt rroi:. 2 5 ~  "&fl" can be 
Tlie ras 'dos  (Pt  v s  ut) 

respec t ive ly  i n  Figures 19-12 d o n g  .;;:.ti1 the  Fugoniot c:wves fro-., t h e  literF.twe.'* ' 3 " 11 

It is dSZica2.t to 

In 

Also, s ince  the bias  i n  co:ii;;utin,c Pt is  o r J y  

Fro3 the  foregoing res-ults it m y  k concluled 2l:it f u r t h e r  study and analysis ,  
along with refinenients i n  obta in ing  data ,  a r e  zaeded before ZJSoniot pred ic t ion  bj t b i s  
method can be considered a c c u r a t e  and usable. 

v. c c : ~ c L ~ s I o ~ ~  
The major conclusions o f  t h i s  inves t igo t ion  are: (1) the ttZ/P can be used to 

compute t h e  shock pressure t r a n s n i t t e d  t o  a tsst specinen i n  mrd-gap t es t  c o n f i y -  
r a t i o n s  with an accuracy of 1145% without ::.eesurement o r  knovledge of the t e s t  
sample propert ies ;  (2) t h e  d a t a  from a fes  "%IT' tests may be used to determine a 
linear corre la t ion  f o r  each acceptor  laterial, bet;,.een shock presswe t r a n m i t t e d  
2nd shock pressure i n  P lex ig las  that is independent of the  tsst dinrreter and; (3) 
Hugoniot pred ic t ion  from t h e  results of the "RK@' Is not current ly  y r z c t i c d  because 
of l a r g e  e r r o r s  i n  competing t ransmit ted p a r t i c l e  veloci ty .  
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Ac c a ptcs r 

:.:i tar 
p= 1.m der? 

. .  



74 
I 

Coium 
icceptcr Di ?:,IC ter  

6.m 
7.30 
7.67 
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12.7 
15.3 
17.3 
jS.3 
2.10 
5.06 
7.57 
3 . m  
9.66 
11.7 
13.1 
1E.1 z., 7 
33.2 

r .  

3.7e 
1:. .G 
12.7 
L(j.6 
22.9 
2? .o 
21.5 
21.2 
45.8 

11.4 
13.9 
E.4 
14.0 

2.10 
8.20 

21.07 
20.6 
3Z.E 
p .o 

11.E 
15.0 
15.L.. 
23.0 
2?.4 
26.4 
32.2 
3 6 4  

5.7 
e.5 

12.7 
15.5 
16-4 

- 

i7 ' , r .O 

5E.0 

15.7 13.237 
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Interface 
1 I A r a o n  

ace 
A r g o n  
Bomb 

Streak CameFa W a l l  E v e n t  f Light 
Source 

EXPERIMENTAL SET- UP 
FIGURE l a  

Streak CameFa W a l l  E v e n t  -f Light 
Source 

IX-WAAI  

Holder 

I CPLextgl.s Column 

Test Sample 
12" high1 

- 

Gap Test (blidJ 

FIGURE l b  

I . .  
Bokb 

I 

I 

FIGURE 1c 

. .  .. - . . . 
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Fieure 2 

FRAMING CAMERA STUDY 

h 

a 

BLAST SHIELD 

COLUMN DIAMETER - 2" 
COLUMN LENGTH - 1-1/2" MARKING TAPE 
ACCEPTOR - WATER PLEXIGLAS COLUMN 

TIME INCREMENT - 1.05iiSgnrm. 

ER LEVEL 

S TILL 

-c --t 
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STREAK CAMERA STUDIES 

INTERmCE 
WATER- 

SLIT AXIS - 

... PLEXIGLAS 

S t i l l  

Co Lumn Diameter - 3” 
Column Length - I-l/T’ 
A C C ~ O ~  - W&W 

Figure 3a ’ Streak 

REFLECTED 

S t i l l  Figure 3b Streak 

REFLECTED 
\ W&VVF 

Column Diameter -.I-1/T 
Column Length - 2” 
Acceptor -Aluminum 

I MARKING TAPE 

Streak Figure 3c 

REFLECTED 
\ W V F  

1 Column Diameter -1” 
Column Length - 1-1/2“ 
Acceptor - Simulated 

S t i l l  Figure 3d Streak Propellant 
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50 60> 

7 (Kbar) 
Figure i - kccureq of "..A:'*, acceptor: mCer 

// 
0 -STEEL 

- A l  ov 0 ,  I I I 1 

0 10 20 30 A0 50 E 

Fig-we 5 - Accuracx of "RWT", acceptors: steel ,  aluminum 
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